Background: No mortality prediction rule is suited for non-elderly patients with community-acquired pneumonia. Therefore, we tried to create a mortality prediction rule that is simple and suitable for non-elderly patients with community-acquired pneumonia. Methods: Because of low mortality at young age, we used information from an administrative database that included A-DROP data. We analysed the rate and risk factors for in-hospital community-acquired pneumonia-associated death among non-elderly patients and created a mortality prediction rule based on those risk factors. Results: We examined 49,370 hospitalisations for patients aged 18-64 years with community-acquired pneumonia. The 30-day fatality rate was 1.5 %. Using regression analysis, five risk factors were selected: patient requires help for feeding, the existence of malignancy, confusion, low blood pressure, and age 40-64 years. Each risk factor of our proposed mortality risk scoring system received one point. A total point score for each patient was obtained by summing the points. The negative likelihood ratio for the score 0 group was 0.01, and the positive likelihood ratio for the score ≥4 group was 19.9. The area under the curve of the risk score for non-elderly (0.86, 95 % confidence interval: 0.84-0.87) was higher than that of the A-DROP score (0.72, 95 % confidence interval: 0.70-0.74) (P < 0.0001). Conclusions: Our newly proposed mortality risk scoring system may be appropriate for predicting mortality in non-elderly patients with community-acquired pneumonia. It showed a possibility of a better prediction value than the A-DROP and is easy to use in various clinical settings.
Background
Community-acquired pneumonia (CAP) remains a major cause of death for elderly and non-elderly people [1] [2] [3] [4] . Particularly, in younger and middle-aged adults, most of whom are working-age adults, productivity losses due to death caused by CAP are an important problem from an economic and medical expenses standpoint [4] . It is also important to distinguish patients who are at low risk to prevent over-treatment, because there is a tendency to overestimate the risk of death in patients with CAP [5] .
However, few studies have attempted to distinguish lowrisk CAP patients from high risk ones and determine which patients would benefit when treated as outpatients. Because of these reasons, a precise prediction rule for identifying the severity of CAP is required, especially for non-elderly patients.
There are various indexes for estimating the severity of CAP patients [5] [6] [7] [8] [9] [10] [11] [12] [13] . Of those, the most common is the pneumonia severity index (PSI) and the CURB-65 score [9] . However, it is unknown whether both can correctly estimate the severity of CAP in non-elderly patients, because in previous studies, most patients have been elderly [14] [15] [16] [17] [18] [19] . Therefore, our study aimed to create a mortality prediction rule suitable for nonelderly patients with CAP. Because of low morbidity and mortality at young age, we used information from an administrative database that included A-DROP data.
Methods

Data source and patient selection
We used a nationwide dataset available through the Japanese Diagnosis Procedure Combination (DPC) system [20] . This dataset was collected by our survey of DPC hospitals, which voluntarily participated with nondisclosure agreement. Public access to the DPC database was not permitted because it was private database of our study group. The DPC database includes claims and abstract discharge data for all inpatients discharged from >1,000 participating hospitals in Japan. We anonymised the data used upon extraction from the DPC database and analysed it within the protected environment of the Nagasaki University Hospital. Informed consent was not required for this study, and the institutional review board of the Nagasaki University Hospital (Nagasaki, Japan) approved the study design (Institutional Review Board No. 15022334).
The present study used data collected from January 2010 to December 2012. Patients' ages were 18-64 years [2] . CAP was defined as the final diagnosis at hospital discharge by the International Classification of Diseases, tenth revision codes (ICD-10): J10-J18 (pneumonia) and J69 (aspiration pneumonia) [2] . We excluded patients who had any missing data from the statistical analyses.
Data extraction
The following characteristics for each patient were extracted: age; sex; height; weight; final diagnosis; comorbidities on admission with ICD-10 codes; smoking status; Barthel index at admission, including the results of each item; pneumonia severity; length of stay; and death occurring within 30 days of hospital admission. In this study, there were no data after patients' discharge. Comorbidities were evaluated using the Charlson index and the presence of each item [21] . The Charlson index includes seventeen conditions with major impact on survival described as Table 1 . For each condition, between one and six points are awarded and summed up for the summary score. Higher score indicate severe comorbidities [22] . The Barthel index is a 10-item measure of activities, such as feeding, moving from a wheelchair to bed and back, personal grooming (washing and shaving face, and combing hair), transferring to and from a toilet, bathing (patient can use a bath tub, a shower, or take a complete sponge bath), walking on a level surface, ascending and descending stairs, dressing, and controlling bowels and bladder [23, 24] . Those were scored according to assistance required by the patient (Additional file 1: Table S1 ). The total score was from 0-100 with lower scores representing greater nursing dependency. The pneumonia severity was evaluated using the A-DROP system, which is the modified CURB-65 scoring system proposed by The Japanese Respiratory Society. It assesses Age, Dehydration (existence of a clinical sign of dehydration or blood urea nitrogen level ≥210 mg/L), Respiratory failure (SpO 2 ≤ 90 % or PaO 2 ≤ 60 mmHg), Orientation disturbance (confusion), and a low blood Pressure (systolic blood pressure ≤90 mmHg) [25] . The scoring system stratifies patients into four severity classes (mild = 0; moderate = 1-2; severe = 3; and extremely severe = 4-5), and it has an equal ability for predicting the mortality of CAP compared to the CURB-65 scoring system [6] . In this study, the score for age was 0 points in all patients because all were <65 years.
In addition to patients' characteristics, we extracted other factors that may be associated with mortality such as health care region organisational factors, which included the hospital volume, distance from patients' home to the hospital, weekend or holiday admission, and intensive care unit admission [26] [27] [28] [29] .
Statistical analyses
We used standard deviations in our analyses. To examine differences in characteristics among groups, Fisher's exact test or Pearson's chi-square test was used to analyse discrete variables, and the Wilcoxon rank sum test was used for continuous variables. The health care region organisational factors were examined for association with CAP mortality by using univariable and multivariable logistic regression analyses. Odds ratios (ORs) and their 95 % confidence intervals (CIs) were calculated. Statistical analyses were performed using JMP 11.2 software (SAS Institute, Cary, NC, USA). All tests were two-tailed, and a P-value <0.05 was considered statistically significant.
To determine the order of importance of factors predicting 30-day case fatality, we conducted a forward stepwise selection of the factors. The sources of selected factors were the demographics, comorbidities, Barthel index items, parameters of the A-DROP (confusion, dehydration, respiratory failure, and low blood pressure), and health care region organisation. Scores of the Charlson comorbidity and Barthel indices were excluded; alternatively, a particular item of each index was used because calculation of those indexes is difficult in busy clinical settings. Based on the stepwise selection of factors and from a standpoint of ease of use, we selected five items for predicting 30-day mortality. Each risk factor of our proposed mortality risk scoring system received one point. A total point score for each patient was obtained by summing the points. The validity of the new prediction rule compared to the A-DROP system for CAP mortality was evaluated using the receiver operating characteristics (ROC) curve, Kaplan-Meier survival curves, and log-rank analyses. Overall, the model prediction was expressed as a c statistic [2, 30] .
Results
Baseline characteristics and mortality
There were 77,819 hospitalised patients with CAP, among which 28,849 patients' data were incomplete. Therefore, we analysed the remaining 49,370 hospitalisations of patients aged 18-64 years with CAP. Table 1 shows the baseline characteristics. The 30-day case-fatality rate was 1.5 %. The percentage of patients who died was higher among men than women (P < 0.0001). An older age, high Charlson comorbidity index, low Barthel index, and high severity of pneumonia were associated with a higher mortality (P < 0.0001, all). Body mass index was also associated with CAP mortality (P < 0.0001), particularly in thin patients with a body mass index <15 kg/m 2 (30-day mortality: 5.0 %).
As observed in the pneumonia aetiology, aspiration pneumonia had the highest in-hospital mortality (4.5 %), followed by influenza pneumonia (1.8 %) ( Table 2 ). The lowest mortality was observed for mycoplasmal pneumonia (0.1 %). Table 3 shows the association between the CAP mortality of non-elderly patients and the health care region organisational factors. As observed in the results of crude ORs, the risk of 30-day mortality was higher in patients who were admitted to a high volume hospital, whose homes The pneumonia severity was evaluated using the A-DROP scoring system. Scoring: 0 = mild, 1-2 = moderate, 3 = severe, and 4 = extremely severe c This group includes other bacterial or viral and unspecified bacterial pneumonia were far from the hospital, and who were admitted on weekends or holidays. However, the pneumonia severity was also higher in patients with those factors. Therefore, the adjusted ORs showed no significant difference for those factors.
Health care region organisational factors
Newly proposed mortality prediction rule
Stepwise analysis selected the following factors for predicting 30-day mortality: age 40-49 years, age 50-64 years, body mass index ≤15 kg/m 2 , congestive heart failure, cerebrovascular diseases, any malignancy, metastatic solid tumour, patients requiring help with feeding, patients requiring help ascending and descending stairs, control of the bowels, respiratory failure, confusion, and low blood pressure. Among them, we carefully selected five factors in terms of ease of use and degree of significance for predicting mortality, which included patients requiring help with feeding, the existence of malignancy (any malignancy including metastatic solid tumour), confusion, low blood pressure, and age 40-64 years.
Patients requiring help with feeding were unable to eat, needed assistance cutting food, spreading butter, etc., and required a modified diet. Little is known about the association between CAP mortality and independent feeding in CAP patients. Therefore, we compared characteristics between patients who were independent and those who required help with feeding (Table 4) . Patients who required help with feeding were predominately male, were thinner, had a high Charlson comorbidity index, and had a significant lower activity than those who were independent with feeding (P < 0.0001, all). Interestingly, aspiration pneumonia was a significantly predominant aetiology in patients who required help with feeding (P < 0.0001). In addition, these patients' pneumonia was more severe, The pneumonia severity was evaluated using the A-DROP scoring system, which assesses confusion, dehydration (the existence of a clinical sign of dehydration or blood urea nitrogen level ≥210 mg/L), respiratory failure (SpO 2 ≤ 90 % or PaO 2 ≤ 60 mmHg), and a low blood pressure (systolic blood pressure ≤90 mmHg). Scoring: 0 = mild, 1-2 = moderate, 3 = severe, and 4 = extremely severe b
The percentages are not equal to 100 % because other bacterial or viral and unspecified bacterial pneumonia are excluded from this table and they stayed in the hospital longer and had a high mortality (P < 0.0001, both). Table 5 shows regression results for 30-day death among non-elderly patients with CAP using parameters of the A-DROP and the newly proposed five risk factors. Most ORs of the proposed score parameters were higher than that of the A-DROP parameters. Figure 1 shows the ROC curves for the new mortality risk score and A-DROP score for non-elderly patients. The area under the curve (AUC) for our method of predicting 30-day mortality was 0.86 (95 % CI: 0.84-0.87). It was higher than the AUC for the A-DROP score, which was 0.72 (95 % CI: 0.70-0.74) (P < 0.0001).
Validation of the prediction rule
We also performed a comparison of the Kaplan-Meier survival curves, as classified by the A-DROP score and the new mortality risk score for non-elderly patients (Fig. 2) . In both survival curves, there were significant differences between groups (P < 0.0001, both). Our method identified groups that would not die in the hospital compared to the A-DROP system, as observed in comparison between the score 0 group of our method and the score 0 group of the A-DROP score. Regarding the ability to detect patients who would die in the hospital, the proposed risk score more accurately detected a group with high mortality than the A-DROP score. In addition, the new risk score more clearly divided each group with different mortalities because margins of mortality between each group were larger in risk scores than in A-DROP scores for non-elderly patients. Table 6 shows patients' characteristics for each mortality risk score. There was a significant relationship between the risk score and various characteristics, excluding influenza pneumonia (almost P < 0.0001; influenza pneumonia, P = 0.9158). Particularly, few patients died (only 2 died in 30 days) among 11,297 patients in the lowest risk score (0). The negative likelihood ratio of the score 0 group was 0.01 (95 % CI: 0.00-0.04) for 30-day death. The positive likelihood ratio was 19.9 (95 % CI: 15.8-24.9) for the score ≥4 group. 
Discussion
Our new mortality risk scoring system had a greater ability for predicting death due to CAP in non-elderly adults. Importantly, this system is easy to use in busy clinical settings, and is based on patients' independence with feeding, the existence of a malignancy, confusion, low blood pressure, and age. Clinicians can evaluate all of these parameters before conducting laboratory tests. The existence of a malignancy can be confirmed by patients' medical history, even though we cannot evaluate its existence in a case on the initial visit. Regarding independence with feeding in patients with CAP, any medical staff can evaluate this quickly. Furthermore, the assigned points consist of only one, and only five factors have to be assessed, which simplify the mortality risk score calculation.
One of our study objectives was to create a new method to prevent unnecessary over-treatment in nonelderly patients with CAP who would survive. It has been reported that only the PSI may be superior at identifying low-risk patients because it achieved a negative likelihood ratio of <0.1, whereas the CURB-65 did not [14] . Generally, a negative likelihood ratio of <0.1 is regarded as necessary for a predictive or diagnostic test to be considered robust [31] . In our study, the score 0 group among the new risk scores for non-elderly patients achieved a negative likelihood ratio of <0.1, but the score ≤1 group did not. We found that patients in the score 0 group would not die in 30 days.
In our study cohort, less than 15 % of patients with severe disease according the risk score proposed were admitted to ICU. In addition, only one patient was admitted in ICU in highest severity of pneumonia ( Table 6 ). The reason of a low ICU rate admission might be due to the fact that the number of ICU beds was smaller in Japan than other countries. Sasabuchi Y et al. reported an ICU-to-hospital bed ratio in their study was relatively small compared with those in Western countries [32] . Therefore some patients with severe disease in Japan were obliged to admit to non-ICU beds.
In a similar study from Canada, Marrie et al. referenced a limitation to their study [2] . They mentioned that their study findings may not be generalisable to other countries. Despite the fact that our study was conducted in Japan, most of the findings were similar to theirs. We confirmed that age, sex, and comorbidity were significantly associated with death in non-elderly patients, and patients with aspiration pneumonia had a high mortality. In addition, larger hospitals had higher case-fatality rates, but this was more likely related to greater comorbidities and the severity of pneumonia. Therefore, these features among non-elderly patients may be similar worldwide. Another limitation to their study was that they did not use the data from a common severity index such as the PSI or CURB-65. We were able to perform our analyses more accurately since we used the A-DROP score.
There are several limitations to our study. First, we could not compare the predictive ability of our new mortality risk scoring system to that of the PSI. To detect lowrisk patients, a non-inferiority comparison between our system and the PSI is needed. Second, a validation cohort such as an outpatient population should confirm this model in the future. Third, there may be several factors associated with mortality that were not considered in this study. For example, our study did not include factors such as the results of laboratory tests, information on drugs used to suppress the immune system, the use of antibacterial agents before admission, a history of hospital confusion, dehydration (existence of a clinical sign of dehydration or blood urea nitrogen level ≥210 mg/L), respiratory failure (SpO 2 ≤ 90 % or PaO 2 ≤ 60 mmHg), a low blood pressure (systolic blood pressure ≤90 mmHg), and age. For A-DROP, scores for age are 0 points in all patients because all are <65 years. The risk score for non-elderly (range, 0-5) is calculated by summing the existence of the following characteristics: patient requires help with feeding; the existence of malignancy (any malignancy including metastatic solid tumour); confusion; low blood pressure (systolic blood pressure ≤90 mmHg), and age 40-64 years. In both survival curves, there are significant differences for each group (P < 0.0001, all) admissions, or socioeconomic status. The income of each individual, which was not included in this study, would never affect the type of treatment because of the universal health insurance coverage in Japan [33] . Fourth, we could not distinguish healthcare-associated pneumonia from CAP, of which the clinical profile is different from that of CAP [34] . Most patients who died may be categorised as healthcare-associated pneumonia because the analysis showed that the existence of a malignancy and reduction of Activities of Daily Living were important risk factors. Fifth, there were several limitations to the administrative databases. Rothberg et al. reported that variation in the use of the principal diagnosis of sepsis or respiratory failure might bias efforts to compare hospital performance regarding pneumonia outcomes [35] . We may have missed severe pneumonia patients with sepsis or respiratory failure because the same phenomenon could have occurred in this study.
Conclusion
Our newly proposed mortality risk scoring system may be appropriate for predicting the mortality of nonelderly patients with CAP. It showed the possibility of a better prediction value than the A-DROP. Additionally, it was easy to use in various clinical settings. Clinicians should provide these patients with appropriate treatment according to a precise mortality prediction.
Additional file
Additional file 1: Table S1 . Definition of scores for each item of the Barthel index used in this study. (DOCX 49.2kb) Abbreviations CAP: Community-acquired pneumonia; PSI: Pneumonia severity index; DPC: Japanese diagnosis procedure combination; ICD-10: International classification of diseases, tenth revision codes; ORs: Odds ratios; Cis: Confidence intervals; ROC: Receiver operating characteristics. Charlson comorbidity index, mean ± SD 0.3 ± 0.6 0.7 ± 0.9 1.7 ± 1.6 1.9 ± 1.8 2.5 ± 2.0 3.5 ± 1.6
Barthel index, mean ± SD 97. The pneumonia severity was evaluated using the A-DROP scoring system, which assesses confusion, dehydration (the existence of a clinical sign of dehydration or blood urea nitrogen level ≥210 mg/L), respiratory failure (SpO 2 ≤ 90 % or PaO 2 ≤ 60 mmHg), and a low blood pressure (systolic blood pressure ≤90 mmHg). Scoring: 0 = mild, 1-2 = moderate, 3 = severe, and 4 = extremely severe c
The percentages are not equal to 100 % because other bacterial or viral and unspecified bacterial pneumonia are excluded from this table
